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ABSTRACT                        The effects of trifuoperazine (TFP), a phenothiazine neuroleptic drug having po-
tent anticalmodulin activity, were studied on the responses of hippocampal CA1 pyramidal cells 
to N-methyl-D-aspartic acid (NMDA) and (RS)- -amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid (AMPA) in vivo. Single-unit activity was recorded using multibarrel carbon fiber containing 
microelectrodes whilst all drugs were delivered by microiontophoresis. NMDA and AMPA were 
iontophoresed alternately so that they evoked comparable responses in terms of peak heights 
as peristimulus time histograms were recorded. We observed that changing the stimulation 
intensity of one classes of receptors (e.g. NMDA) greatly influenced the responsiveness of the 
other (e.g. AMPA) and vice versa. In the presence of iontophoretically applied TFP responses 
to both NMDA and AMPA were significantly decreased. More interestingly, NMDA-evoked 
responses were significantly more inhibited by TFP than responses to AMPA under the same 
experimental conditions. In our conclusions, these results are due to the inhibition by TFP of 
the second messenger cascade events leading from NMDA receptors via Ca2+/calmodulin to 
AMPA receptors and, in consequence, for the blocking of phosphorylation of AMPA receptors 
and their sensitization. It is also likely that the function of NMDA receptors by itself is, at least 
in part, dependent on the Ca2+/calmodulin-mediated events.
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Figure 1. Macroscopic view of a multibarrel carbon fiber microelectrode 
used in this study (panel A) and the scanning electron micrograph of 
its tip (panel B). Carbon fiber was used as lead element for recording 
electrical signals whereas the attached micropipettes allowed ionto-
phoretic application of electrically charged compounds in the near 
vicinity of the recorded neuron. The site of extracellular single-unit 
recording (arrow in panel C) was marked by ejection of pontamine 
sky blue after completing the experiment. Spikes recorded from this 
site are shown in Figure 2.
Extracellular recording and microiontophoresis
Figure 2. Representative single-unit recording from a hippocampal 
pyramidal cell located in the CA1 region as shown in Fig. 1, panel C. 
A complex spike typical to pyramidal cells in this region is shown in 
panel A. Neuronal spiking in response to iontophoresed NMDA and 
its computed time histogram, using 1s bin width, of this activity are 
shown in panels B and C, respectively.
Statistical analysis
Results
Figure 3. Trifluoperazine (TFP) differentially inhibits NMDA-, and AMPA-induced responses of hippocampal CA1 pyramidal cells. NMDA and AMPA 
were iontophoresed, alternately, 2 min apart using -45 nA and -20 nA, respectively. TFP was ejected as shown using 120 nA which markedly 
inhibited responses to either excitatory amino acid analogues. Note the differential effects of TFP on NMDA- versus AMPA-evoked responses. 




Figure 4. Summary of the effects of trifluoperazine (TFP) on the 
responses to alternately iontophoresed NMDA and AMPA of hip-
pocampal CA1 pyramidal cells. Note the decrease of the responses in 
the presence of TFP. Data represent the mean ± SD of 8 experiments. 
Asterisks denote significant differences by ANOVA (**p< 0.05, ***p< 
0.01) as compared to their respective controls or the significant differ-
ence between the decrease of NMDA- and AMPA- evoked responses 
in the presence of TFP. See details in the text.

